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Procesa Specifications

Beactor Cooling Hater Treatment

The tolloving specifications have been provided in accordance with the reapor
tiee established for the +neering Departceent by' Organization and Policy Gc
Number 03.1.2. These Process Specifications define the normal limi.tations n:
vhtoh reactor cooling water is treated for the H, CO D, DR, P, avd H reactors
a8ditional information is obtained, it is Intended to review, and if neceaaat
a7.ter these specifications to conform with this new movledge. IDcperntal
tiona from these specifications are peraitted on the basis of properlT appro••
production tests.

Nmber T',^tle Date Paze f

Title Page and Distribution 7-15-53 0-1, C
Index and Reaponsibilities 7-15-53 0L-3, C

1.00 Coagulant Addition 7-15-53 1-1,
2.00 Activated Silica Addition 7-15-53 2-1,
3.00 Chlnrina Addition 7-15-53 3-1
4,00 pH Adjvatment 7-15-53 4-1
5.00 Filtration of Process Water 12-22-53 5-1
6.00 Soditim Dichroaata Addition 7-15-53 6-1, E
7.00 Porge Nateria7. Addition 7-15-53 7-1
8.00 Hnergencp Water Treatment 7-15-53 8-1
9.00 Other Chemi.cal Additives 7-15-53 9-1

Issued by

Approved b

Approved b

Accepted t

Data ^
Sub-Section

^Data
on

Date
artment

Date ^
epaatment

V M
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Process Specifications

Reactor Cooling Water Treatment

The follovin8 specifications have been provided,in aeeordance vith the respon
ties established for the Dnginaering DepeYMffnt by Orgeaization and Poliey Gu

gtm^cer 03.1.2. These Process Specificatioas define the nor=i limitations ur

vhich reactor cooling vater is treated for the H, C, D, DR, F, and S reactor=

additional information is obtained, it is intended, to reviev, and it necesses

alter these apecifications to conform with this new ]movledge. SYperirnatal

t;ieas fsom these specifications are permitted on the basis of proper],7 approe

production tests.

Htscber

1.00
2.00
3.00
4.00
5.00
6.00
7.00
8.00
9.00

Title

Title ?age and Distribution

Index and Fieaaonsibilitiea
Coagulant Additioa
Acti-mted Silica AdditioII
CSior'^e Addition
p% Adjustment
Filtration of Process Water
Soditn¢ Dic2u•omate Addition
Purge Materiai Addition
Rmergencp Water Treatment
Other Chemical Additives

Date Page 1Sut

Issved by

Approved

Approved

Accepted

7-15-53
7-15-53
7-15-53
7-15-53
7-15-53
7-15-53
7-15-53
7-15-53
7-15-53
7-15-53
7-15-53

0-1, 0-

0-;

3-1
4-1
5-1

6-
7-1
8-1
9-1

Date
,ry Sub-Section

Date
tion

Date /^
spartmnt

Date
®Department

The loIIowfag ee;.?cs of t
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IIader special circtmtances, the continuity of production or the attai=ent of
certain objectives of a•production test may necessitate temporary relaxation of pro-
cess specifications. The Menager, Pile Technology is authorized to approve such
temporaxy relaxation of inticidval specifications, after having discussed the pro-
posed deviation with the Superintendent, Process. These tenporatq• relaxations
contenplate periods of ti= of less than one week and are to be reported in vriting
by the Manager, PUe Technology to the Manager, Technolag7 a:.d to the Manager,
Manufacturing.

i
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Process Specifications

Reactor Cooling Water Treatment

"`"'C Page 1-1^Y •i cification: 1.00 ge

Coagulant Addition Date: 7-15-53

?. y f• 8aterences: Iidder, C. P., "M Final Seport•, 7-4444 (7-31-46).
Water 4ualit7 and Treatment, AWWd YAauat, 2nd Sdition, 1951.
Woods, W. C. A., "Interim Report "JaQber 1, PT-105-503-Z, The Use of

Activated Silica as a Coagulation Aid for Aluminit Sn7.fate",
*?• F3SF-27115.

ioods, Y. C. A., "Process Water Qual:tq Control with .he Alum-Activated
Tv a Silica Coagulation Process', HW-28389, June 14 1953•
,4.} . .
•c a

Hasis:

,., generated during reactor operation is removed by •v water coa-1.01 The heat r' .̂.pin3
r tiauooslp through the reactor. The quaiitp of this water mast be controll.ed to
` prevent ( a) excessive corrosion of the slugs or process tubes, (b) excessive film

,">^ formation on the slugs and tubes, ar3 (c) excessive ef:luent water radioactivity.

The cuaLty of the source water from the Columbia River is tabulated below:

It:

SEASONAL YARIATION IN COLDMBIA RI7xrtt iATSR

Corstituent Maximum Hinimum

c Turbiditp 350 ppm 2 ppm

v Iron 5 pom 0.01 ppm

Sulfate 12 ppm 9 ppm

Chlorides 1.2 ppm 0•2 ppm

Hasdness 75 ppm 65 ppm

Calcium 24 ppm 18 ppm

^agnesium 5 ppm 4 Ppm

hnthyl Orange Alkalinitp 60 ppm 55 ppm
pg 8.2 ppm 8.0

Mangaaese 0,2 0.005

The usual concentrations are close to the manim*m caluea except during the period
from February through June of each year.

- To produce the desired quality of process water, all avail.able information shovs
that it is primarily necessary to reduce the iroa and turbidity without appreciably
increasing the hardness of the vater. Iron is uadesirable because excessive iroa
eoaceatratiba ik: the process water increaaes the film formation ratea. Turbidit7 is
coatrolled to prevent possible abrasion of process tnbe and slug surfaces and became,.::: . .•.
higit tnabidity, may also increaae film.formation. The concentration of manganese,

^:
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is imdesirable because of its high induced radioactivity and 2.6 hour half
is also reduced by the water treattment process.

the impnritiea in the water exd.st primarily as colloidal particles with a
ve charge, the addition of a mnltivalent positive ion will neutralize the
and form a hpdroas md.de fl.oc in alkaline water. The gelatinous precipitate,

c, absorbs and e7ffieshes the impurities and coalesces into coarser particles
are removed by sedimentation and filtration.

The coagnlanta, or floc-formers, available for large scale use are limited for
economic reasons to a coarmercial grade salt of altmiaum or iron. Process water
produced by the correct use of aiwed.n= sulfate or filter aima has been found to
give negligible film formation rates in the pile. Generalized corrosion rates
obtained imder these conditions are lover than with water flocculated with ferr:c
snISate. In addition, effluent activlty levels have be-?n satisfactorT. The major
edventage of alam over ferric sulfate as a. coagulant is that the former malces possible
tke use of activated silica as a coagulation aid, resulting in filtration rates as
high as 4.5 gpm/ft2 with the nresent filter beds. It appears that activated silica is
required with a1.um during perS.ods of lov river water temperature or high turbidity
conditions to pernit filtering rates of 3.0 gpm/sc. ft. or above.

The qaantitp of coagulant required depends pr++,ar'r.; on the kind and amount of
impurities in the water and the desired qvality of the process vater; in addition, it
is affected by the water temperature, pB, and to a minor extent by the xiaing and
settling times before filtration.

The time of mixing following coagulant addition can be divided into two phases. The
first is a violent and rapid agitation of the water after coagulant addition to
assure vniform distribution of the chemical throughout the water. The second is a
longer and gentler mixdng, or flocculation, which allows the floc particles to grow
in size. These factors are fixed by plant design and flow rate and it is only
necessary to add sufficient amounts of coagulant to obtain a satisfactory floc with
the fixed time of mixing. After the floc has been formed, it is aLoved to settle
as amch as possible by reducing the velocit7 of the water. After passing through the
sedimentation basins, the water is filtered through rapid sand filters.

The final criteria or the amount of coagulant, and coagulant aid, which must be added
are the in-pile effects of the process vrater, 37 maintaining the process water
quality so that a film formation rate is negligible, it has been found that low
alvmf.num corrosion rates and satisfactory effluent activity levels are obtained.
Thus, control of the process water quality from the film formation viewpoint will
result in satisfactory overall results in the pile.

Becanse tilm formation is a complex phenomenon, it has not been found possible to
predict accurately the occurrence of fi2m formation by measusement of process water
impuritiea.r"CoaseqveatlT, tilm formation rates can be most simply controlled bT
maastsement of t1.].x formation in the pile. A_aatista.ctaxT'method.bt'tilm-formation
meeata'ement ia•16bta3ae3•by•application at staadasd-statiatical metboda.to process
tube Pem1.7.i.t'preeaute data, as described in Beterencc k. It is thereby possible
to detine• the- point at vbic7z f12nc formation becomes eigaiTieant. Yor the purpoaea

oZ' this ,peci2ication, a. aigniticant iilia tasmatioa rate• is deiiaed (in. geYerenes 4)

^r
^
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that rate which will exceed the control limits corresponding to the particulat
idance level chosen. The highest allowable confidence level, correapon3lag

broadest control 7lmits, is 99 per cent. Ratea: ot addition of the coaga7.ating

mica7.s can then be changed as required so that there is normally no significant
ase in film forms.tioa rmtes.

i5•;i .02 `Although film foration and slug cor:rosion rates are h:gher when ferric sul°ate
used an the coagulating chemical, it is recognized that the B and $ reactor areas

+u°',, not now have facilities aeceasarT for easy and convenient cFtaztge-aver to al+^a=
qtt«^.ipa; 'ate. Ferrie sulfate can be substituted in these areas until such a time that the
GMS^^ cessary facilities are available. Rovever, the effecta of the conjoint use of the

coagulants have not been established.

LS}7'f'.'a BCifiCationJS
•+..^ :^'7+^:

y+•."»,^f,:: .01 Aluminum sulfate ( Chemical No. 103, HW-19156) shall be added continuously to

he'rav water inlet of the Bead Houpe as required to maintain the process water

%'!'"•'.•^ usllty so that no signiticant ixicPease in film formation rate takes place in the

eactor process tubes. in addition, the process vater quality will be maintained
•^ c' ?•'-= t all times vithin the following limits:
....4_

• 11+s" T_=Purity Mazimom Concentration, ppm
,+ ..,nr,....,

Iron as Ye 0.03
. ' " Aluminum as Al. 0.50

- 'Patbidity 0.20

1.02 Ferric sulfate ( Chemical No. 118, ffii-19156) will be added continuously at the
rav water inlets of the 183-$ and 183-a ffead Houses. Sufficient ferric sulfate will
be added so that a residual iron concentration of leas than 0.05 ppm is maintained
La the process water supplied to the B and 8 reactors. Aluminum sulfate vill not
be used in conJunction with ferric sulfate.

+.`:: •,'

..,•
; -i

_
. . . . :r-. .2 .t

.. _:: : •
. „ . ,_;: ..: ^ ;
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Date: 7-15-53

iToods, V. C. A., "Interim Report Nomber 1, PT-105-503-E, The Use of
Activated Silica as a Coagulation Aid for Aluminum Slitfatee, R4J-27115.

. . . aatrio:

2.01 The use of a coagulation aid has been found to increase the rate of floe for-
mation and to produce a stronger floe with better filtering characteristics. Ekperi-
mentation demonstrates that activated silica is an effective coagulation aid when used

"..i in conjunction with alum coagulant. The use of the coagulant aid results in decreased
filter breakthrough tendencies, vhich in turn enables apnreciably increased filtering
rates with the process water ti+,al+ ty now specified. Since the e£fectiveness of _
flocculation with aluminu$ sulfate decreases rapidly at low water temperatures, the
addition of a coagulation aid may be required during the winter to maintain satis-
factory filtering rates. Also, it enables high filtering rate* to be maintained
during the high river water turbidity occurring in the spring. Its use at other times
of the year is a matter of economic desirability.

The preparation of activated silica is accomplished by partially neutralizing a
sodium silicate solution with dilute sulfuric acid. The degree of neutralization, •
the silica concentration, and the aging time must be care£ully controlled to assure
proper floc formation and to prevent gel formation in the mixing equipment.

2.02 The use of activated silica *4th ferric sulfate has not been demonstrated to

produce the improvement in floc formation that has been found with alimi.num sulfate.

Specifications:

2.01 The fo31ov1.ng process will be used to prepare activated silica:

1. Sodium silicate (Chemical No. 113, 4p-19156) will be diluted with water to
a final concentration of 1.3 - 1.6 per cent Si02 by weight.

2. Sufficient diluted sulfuric acid ( Chemical No. 114 ffiJ-19156).vi11 be added
with agitation, to the sodium silicate solution so that 82 - 85 per cent ci'
the Na20 content is neutralized. The acid will not be added until the•
sa3ivat silicate concentration is less than 2.5 per cent SiOZ by weight.

g. Tke.eu2Luria acid will be diluted with vater to 10 per cent or less by
f voliana before additioa to the ailicate solution.

4. The resclting mizture, conteiniag 1.3 - 1.6 per cent Si02 by weight and. ui.tti
82 - 85 per cent of the Na20 neutralized, will. be aged without agitation:foa
a period of at least one (1) hour.

ENGINMRING DFP ARTtAEi1T

Process Specifications

Reactor Ccoling Water Treatment

2.00

vated Silica Addition
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Chlor{.ae Addition

Page No. 3-1

Ia r":
c.

.

[.i
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,^•
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c
a

Date: 7-15-53

BeZerenoes: 3idder, C. P., "C:^ffi Final Report", 7-^} ^7-3i-46),
Water QvalitT and 'Leatment, ATd7A MAnval, 2r.d. Rdition, 1951.

3.01 Algae are minita forms of plant life uhich exist in practically all natu.-a.l
surface water and can seriovaly interfere with the filtration- process if alloued to
develop'imchecked in reservoirs and retention basins. Algae can be controlled by use
of algicides. The two most widely used algicides are copper sulfate and chlorine;
the 7a.tter was chosen to treat process water, as copper vould increase both aluminum
corrosion and effluent activit7. -

Chlorine when added to water reacts to torn hypochlorous acid which dissociates
to form the }ypochlorite ion according to the following reactions:

C12+ 3203Cl+80GZ

HCCZ - Ht' + CCl

'Phat chlorine existing in water as trlgochlorous acid and hypochlorits ion is defined
F( as free available residual chlorine, while that residual chlorine existing in
c i che¢ical comHination with snsionia or organic nitrogen compounds is defined as com-

bined available residnal chlorine. For the purposes of this specification, free

chlorine is defined as the svm of the tree and combinsd available residual chlorine.

The presence of chloride ions causes increased alvmimim corrosion. Rtperize:rtal

evidence shows that by ma.intaiaing very low concentrations of chloride and free

chlorine, corrosion of aluminnm resulting from chioride ion can be miaimized.

Specificatione:

3,01 Chiorins ( Chemical No. Lou., BT-19156) shel].be added continuously to the

inlet of the I82 blzlldln or the 183 B••{^^s raw water flumes. If desired
r the chicriae may be added slmtltaueciasly at both points of addition. Sufficient

j. 2 chlorine sri2S:be edded so that the free chlorine reeidnal in the 1$3 Btttldiag
d clearasiis isdeteetable vith.tlas approved eaalytieal mathod. ( IDP-2724^9). The

ahioridm ead Sr00 ehZoriaa•-eaaeefftratioai ia.•the eleeervells idli.br 2.0
and. 0:2 ppQ ratpeeti4ely

• '
^

-
;•

^ fi
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4.00 Page No. 4.•1

pS Sdjuatmnnt 7-15-53

gsferencea: Atwood, I. H., 'Procesa Water pH 3C£ects•, Mt-24007, '5-15-52.
I^' . .. -

Haa1s:
t:s..

4.01 Process water pH mmst be careiVlly cont.rolled because of its effects on iron
- - and alucd- corroaion and film formation rates. Alumd^ coxrosioa, as meaaiuad by

veight Zoss, inoreases with pH in the range 6.0 to 8.0. Havever, corrosion pitting
attack decreases as pH is.iacneased in this range. Since a generalized eer_rosion
attack appears more acceptable than pitting corrosion, pH must be maintained above
7.5. An alkaZime pH is more desirable from the standpoint of iron corrosion. F11m
formation rates increase sL'ghtlp as pH is lowered in the range 8.0 to 6.0, primsr,1.].y

_ because of increased iron pick¢p in the piping spstem at low pH valnea. It has been
shown that the pH mrsst be below 7.5 for proper coagulation with the el.tsa-acti9ated
sil3.ca process. The £erria snL`ate coagulant can be used with a coagulation pH as

: f high as 7.8.

River water pH is quite close to 8.0. Addition of the coagulant lowers this va].v,e
in proportion to the amount added generaZ27 in the range 7.Z to 7.4. To raise pH
to the specified value, a'base mo.st be added. Choice of the base is primarily one
of cost, ease of hand73ag, solnbil.ity factors, and effluent acti45.ty considerations.
The point of addition of the base is deterained by the coagulation pH reqni--ementa,

e
i'

Specifications:

14.01 Sufficient hydrated calcivm oside, or lime, (Chemica.l No. 108, ffir-l9Z56) shs2Z
be added eontinnously to the filter effluent water so that the pH of the process
water is maintained within the 73mits of 7.5 - 7.8 measnred at the ambient vater
temperature. When ferric sulfate is vsed, the I.ims will be added at the point of
coagulant addition so that the process vater pH is maintained within 7.5 - 7.8.
measTmed at the ambient uater temperat:se. The 11- so added sluil be of a form

4 secb.that 90 per cent by weight of the perticles pass throogh a 100 mesh screea.

7 3'

^ -
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MG110=11% DV13=1=
Process Specifications

Rio

s^xsso5
copy No. -V̂

Reaetor Oooling Yater 1Yaatmeat



^^
^w YYay 7.n..^ t it.
uit SaaY ^' 1 ^'ril ^ :^

^ • ffi^-28505
Cop' No. "Zo

ENGIS^iING DSAABd^NT

Procesa 8pecificationa

Beactor Cooling Rater Tsmatmeai.

citicatioIIS 5.00 Page No. 5-1

tration of Process Water Dates 12-22-53

Haferencess Titoods, V. C. 1„ 'Inter+^ Seport Nt:mber 1, PT-I05-503-$, The Use of
lcti-rated Silica as a Coagnlatioa for llmminum 9n11'ates, 3t-29]].5,
April 9, 1953.

Yooda, V. C. 1., "Iatert.m Heport, PS1e Technologg• DeveZopmeat Teat 105-
5?JrE, 100 sreea Filter Plaat Hydx•aalic I3m1.t Testne, 39-29778,
Hovember 9, 1953.

Eaalss

5.01 The materials aonatitating the tLltar bed ahocld allow the prodvation of the
proper quality aad qnantity of filt-ared vater vithout too frequent backtrothing of

the filter occa8ioned by either breakthrough of imptz."ities or ezceaai4e head 1oss;

The we of the a1ffi-,activated siL'ca coagnlatioa process makes posaib2e the prodoc-
tion of proeeaa water with specified impvsitp coacentrattosm cmde- praet3caI.l7 all

" eonditiona afreetiag the chemi•cal treataent. The problem of impns3ty breakthrough
is thus virtually eliminated, since breakthrough can be controlled by increasing the
addition rata of the silica. Hovever, the use of iaczasaed amwmt of activated
ai7.j.ca has been fovad to incraase the rate of heed loss increase, thereby decreaaing
the length of filter rona. This problem is further aggravated by increases in the
filtration rate. The rate of head loea inerease can be decreased by increasing the

F amount of ants+*m+llt in the filter bed and use of the mmeimcm amoffit of anthrafilt
specified has been foaad to give satisfaetory results with filtration rates ap to
5.2 gym/1't.•2. Inr combination of the amovata of Silter txd materials deftmd in
Specification 5.01 bas been foimd to give satisfactory impisity concentrations in
the filtered vater.

5.02 Hactcvaa93.ng or the filters is necessary to semove the impnritiea vhich gradvr
ally accumulata in them before theae iaFsi.tiea mydct7.y, rrestrict vater flow through
the filter. The backwash water should not contain theae impnritiea.

^specificatloas s

5.0Z The compoaitioa of the filtwring media in the bed aha],I be as foSlova, from.
bottom to tops

Y IO-26.iaehes 8raded gra"l of 1 inch zsztm+>a sime.
3-20 inehoa graded aaad of 0.3 - 0.5 sm ettectivt size
7.0-ZT Sstchna%graded aathratylt of 0.7 - 0.8 am. ettectl'm size
Slt: tottI. dtft of the aead and M*h'-*+lt shall not. saeed 30 inehea

5:0Z !".ltasrod vater ahen be vaed for fSlter beelarash vater.
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Proceas Specifications

Heactor Cooling Water Treatment

Specification: 5.00 Psge No. 5-1

3'iltratioa of Process Water Date: T-15-53

3eterencee:"

Basis:

5.01 The matarie.ls constitnting the filter bed shouid allow the prodnctioa of
the proper quality and qvaatity of filtered vater vit.bout too Srequeat baclcrashiag

of the filter caused by either breshthrough of impurities or ezcesaive head loss.

The use of the f:.ltratioa materials speciSied belav has been d.emoaatreted to T}.eld

satisfactoril7 low coaceatre.tioas of imdesirable impurities such as alv$imum.
tu=tidity, iroa, and manganese.

c

F
c

The total depth of the tilter bed is dstermiand by the filter construction. The
Silters were desi3nedtora flow rate of 2.6 gpm/sq. :t. but it has been iound
possible to, operate that at a rate of 4.5 gpm/sq, ft. with the a2nm-acti9atad
si7lca treatmeat process.

5.02 Bac vT1-eh+*+g of the filters is aecessary in order to remove the impurities
vhich gredually eccumv].ata in them before these impurities mrS.u17 reatrict vater
f1.ov through the filter, or before the impurities pass through the filter. The
beckvaeh vater should not coatain.these impuritiee.

SpeciPications:

5.01 The filter la9ers from bottom to top of the filtering media in the bed she.ll
have the followiitg compoeitioa:

10-14 inches graded gravel of 1 inch masimum size
10-20 iaches graded saad of 0.3 - 0.5 soa etrective size
10-20 inches graded eathraiilt of 0.7 - 0.3 ma eftective size
The total depth of the savd and x^*hra*+T t ekusl.I. not exceed 30 inches

,

[

R

5.02 8lltered water shat'L be used for filter beckvash vater.

'

%.

The foBosciag co;r.c+ of.this pa{^

weze destrr7ed.

: . •.^ a.,R.,^^^.,
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Proeese Speeifications

Beactor Cooling Water Treatment

Specification: 6.00 Page No. 6-1

Sodium Dichromate Addition Date: 7-15-53

3eferenres: Lut*.on, J. M. "Sodium Dic'crorate as a P.ocess Water Additite: An
, Svalvatian," Bsi-27158, March 19, 1953.
Shields, B. J., "7ster+^ Report, Production Test IIumbers 105-9-P,

105-103-P, 105-362-P, 105-=L60-P, Corroeion of Sings," BA-24134,
April 18, 1953.

GreIIinger, A. B. to Gross, C. it, "Interim Process Specification -
Sodium Dichromate Addition to 100 Areas Process Water," BW-27679,
April 8, 1953.

Basis:

.
.01 Corrosion of the slugs and tubes in the reactors most be ca.-efaLly contxrolled

in order to prevent the occvrrence of ruptured slugs and tube leaks resulting from
corrosive attack by the reactor cooling water. This attack is characterized by the

• removal of alsnsinma from, the entire metal surface at a definite, tmiform rate.
Super*.nposed an, this imiform rate of corrosion may be a localized attack in vhich
small areas of the staface are penetrated at a ffiuh greater rate. ""'].s latter typa
of attack will leed to more serious consequences to the e_*Ziciency of reactor opera-
tiona. Penetration of process tubing will resuult in vater leaka into the graphite

moderator, causing reactivi.ty losses and incree.sed corrosion problems. This latter
problem arises from the graphite-alnminum galvanic cell lhich is set up in the
presence of water. In this couple, the alumi.num Wil1 corrode, resulting in

^ additional leaks. Penetration of the aluminum cans of the slugs can result in

z an in...reased rupture rate. These deleterious effects are caused by erratic and
tmpredictable variations in process con3itions. such as misaligned slugs, water
qvality changee, or local galvanic cells.

The severity and frequeacy of the local attack can be greatly reduced by the
addition of a corrosion inhibitor. 3eactor operation without the eddition of a
corrosion inhibitor was characterized by increased pitting attack on the unloaded
sections of process tubes, partial removal of the protective 72-5 clat'dia in the
dovnstream portion of the tubea, and aeverely pitted slugs and tubes. Of the
co®ercia7.77 available inhibitors, only eodium dichromate has been used exten-

si9el7 im.:er reactor operating eonditions. A critical reoiev of the effeets of
dichromate ioa has conelvded th'at 2 ppm of sodinm dichinmate will definitelp

inhibit these phenomenac. It is ftstbnr concluded that the ]nstantsaeocs concen-

tratiaa of the sodium dic2some.e reqnired for adequate protection.can vasT by at
least t 1 ppm• from the above 9s].s:e. Since experience has also shova that the

vaifa= rats• ot atltffiatin corsosioa in. the presenee of 2 ppm of sodivm dichromate

is sstisiaetorT ior.^saccessfnl opetatian of the, reactors, the use of diahromate

is desirab].s for. aoatxol of slug and. tube corrosion.
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Specitieatioas:

6.02. Sod.l.um dicbroma.te (Clmmical No. 112, EW-19156 ) ehall be edded coatinuouslg
to the reactor cooling vater after the coagvlatioa and filtration treatmeat.

Sui2icieat eodium dichromate vill be added so that the inatanteoas concentration

is 2.0 t 2.0 ppm.and the daily average conceatratioa is 2.0 t 0.2 ppm as NegCr207 °
2320.

c.
c
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Process Specifications

Reactor Cooling Water Treatment

Specification: 7.00 Page No. 71

Purge Material Addition Date: 7-15-53

References: Conley, W. R., "?inal Report - Productioa Test 105-3-tffi, The Use of
Diealite Diatomaceous 3hYh as a Purge Material in the 100 Areaa"',
ffid-24560, May 26, 1953.

Wilson, C.D., "?1av Iaboratorp Investigations of '7-T,7pe' Pitting
of Slugs and Tibes", BfT-28207, Jul7 1, 1953.

Basis:

7.01 Film formation on, slug and tube eurf'aces causes a decrease in vater for

rates and lovers the Heat transfer coefficient from slug to vater, vhich iacreases
both tube and slug surrace temperature. Both of these effects tend to increase

slug corrosion rates. The quantitative effect of film on slug eorrosion is not
Ionoan, but it is believed that iacreased amounts of filct vi11 increase slug corro-
sioa rates. For this reason film is periodically remaved from the tube and slug

surfaces.

Methods of removing fi7.m tested in the laboratory indicated that the film couI.d
be removed vith either ozalic acid or a Johns-Maaville diatomaceotts earth slur7.
Later in-pile tests indicated that the ozalic.acid method vas mmaatisfactory.

The only alternative forms of diatomaceous earth iavestigated in pile tests have
been Dicalite #4200 and Dicalite Special Speed Flov. Contiaaoua addition of the

purge material while the-reector is operating may result in serious abrasion of

the slug and tube siafaces. Sodium dichromate may not inhibit this attack with
the high concentrations of purge material required. Consequentl7, it is necessar,T

to restrict the period of time in vhich purge material may be edded to amid exces-

sive attack on the slugs and tubes, which could lead to rs;rtured slugs and penetre..

tion of the tubes. The extent of any such attack is apparently dependent on the

product of the solids concentration and the length of time in vhich the solids

are added.

A more cocqilete discussion of the effects of film, its measurement, and the
al2ovable amcuat of fiIm is contained in the specifications for the Reactor

(Pile) Process.

Specifications:

7.01 When requiirod. for tkor remoral of fiim, piagibg a617 he doas by eddiag, Jolms-

MmaTi].1Q Stazd•^& Sl7per-Cel or eqIIivaleIIt to the procesL Tater at a coLcentratiom

of not aver 150 pps. Tbs piagtag sba= be coaducteb so t1:at' tOLere are'34 more thaa
'300 ppm-hoe2s itt as7 ecroseccEiV&. thixtT dqy_^perSod. '
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Process Specifications

Reactor Cooling Water Treataent

Specitication: 8.00

3mergency Water Treatment

3efereaces:

8asia:

ffii-285o5
Copy NO. .4a

Page No. 8-l

Date: 7-15-53

8.01 The assured supply of cooling water to a reactor is very important as the
slug jackets and. the process tubes voulFi quickly melt if the water supply to a
tube were interrupted during pile operation. Even after a reactor in shatdevn,
the process metal coatinaes to liberate heat from beta and gamma radiation and
this heat must be removed to preveat the slugs and tubes from reaching excessive
temperattmen. aormally several haas supply of process water is available in
storage tanks. Filtered water is also held in elevated taaks for iamediate use
in case of emergeney. In addition to the above storage facilities, the Reactor
Areas are supplied with inter-connecting I3nes to supply raw water to any Reactor
Area in emcrgency. It is anticipated that rav water will be used for cooling only
in. the event of total failure of the treated water aappi7 or complete eractsation

of an area.

When a reactor is ehut davn, filtered water may be used for emergency

g. In. the event of failare of the treated water supply facilities, raw
may be used for reactor cooling.

,•';
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Process Specifioatioas

Reactor Cooling Water Treatment

Specification: 9.00 Page Na. 9-1

Bestrictioa on Chemical Additives to Process Water Dates T-15-53

References: EJ-19156, "Specificatioas, Acceptance and Samp].iag Procedises for
Laseatial Materiala."

Basis:

9.01 It has been fotmd that very small concentrations of rarious chem3cai elemeats,
such as triTni.eat chromitm, copper, maagaaese,iroa, lead, mercurr, or boron, in
the reactor process water can have a s igGiticsat affect on, elnsiaum corrosion,
film formation, pile reactiYi.ty, and effluent water acti41t7. CoasroiallT avail-
able chemicals may contain these elements either an major coastitusats or as trace
impnrities. Tffis, the effect of the addition of chemicals other than those spee-
ified to the procens water must be carefully iavestigated before their use can be
a1l.oned..

1 Specification:

9.01 No other materials except those specified below shall be added to the reactor
process water. These chemicals shall be an described in the reference document and
shall. be edded only as described in the foregoing specifications.

8sme

Ferric Sulfate
Altmiaom Sulfate
Sodiumt Silicate
Sa]Svric Acid

Sodium Dlchromate
Diatomaeeoas P.arth

i
^• • ^

• %

Chemical Sumber

118
103
113
116
104
108
112
Johns-Mnarille Staadard
Super-Cal or 34aiTaleat

^ . . ^ . .....
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;.:. . Process Speeifications
,¢. ., .

9eactor Cooling Water Treatmeat

The follosing specifications have been provided in accordance with the respor
ties established for the Magineering Departmant by Organization and Policy Gt
y=ber 03.1.2. These Proceas Specifications define the normal limitatioas a
vhich reactor cooling water is treated for the H, C, II, IIB, 2, aad H reactor
sddl.tioaal iaforastioa is otrtaiaed, it is intended to review, and if neoeeea:
alter ttmse specifications to conform with this now lmoaledge. 3Xperimeatal
tiona from these specifications are peraitted on the basis of properly apprct
production teate.

xtmh2 Title Date Page' f

Title Page and Distribution 7-15-53 0-1, C
Iaiez and Beeponsibilities 7-15-53 0-3, C

1,00 Coagulaat Addition 7-15-53 1-1, :
2.00 Activated Silica Addition 7-15-53 2-1,
3.00 Chloriae Addition 7-15-53 3-1
4.00 pH Odjnatment 7-15-53 4-1
5.00 Filtration of Process Water 12-22-53 5-1
6.00 Sodinm Diohromate Jddttion 7-15-53 6-1, e
7.00 Purge tlaterial Addition 7-15-53 7-1
8.00 Energency Water 2reatmeat 7-15-53 8-1
9.00 Other Cheadcai Additives 7-15-53 9-1

Issued by

Approved t

Approved t

Accepted t

Date^
Sub-Sectioa

^Data
on

Date /-artment
^Date

epartinbnt
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